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ABSTRACT
This paper examines the stock prices of Chinese companies dual-listed in
the A and H share markets between January 2006 and March 2008. While
most previous studies have concluded that the A share market does not have
significant exposure to the Hong Kong market, I find that following the
introduction of the Qualified Domestic Institutional Investor regime in May
2006 the premium in the A share market corresponds closely with the value
of an exchange option calculated using a modified version of Margrabe's
formula. The explanation for this result is simply that the current prices of
dual-listed securities in Shanghai are reflecting both a fundamental value
for the security and the expected value of arbitrage profits available by
trading in Hong Kong. I consider the theoretical basis for this result by
reference to recent work in behavioral finance by DeMarzo, Kaniel and
Kremer (2004) and (2007), and discuss the implications for both
policymakers and traders.
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1. Introduction
Arbitrage is a fundamental concept in the analysis of financial markets, because its effect
is to bring prices closer to fundamental values and thereby make markets more efficient. Yet
Shleifer and Vishny (1997) have shown that in relatively simple circumstances the incentive
structures of specialized arbitrageurs and noise trader risks combine to make arbitrage
ineffective, even with prices that diverge significantly from fundamental values. Later research
by Froot and Dabora (1999), Shleifer (2000), Baker and Savasoglu (2002), Gemmill and Thomas
(2002), Barberis and Thaler (2003), and DeJong, Rosenthal and van Dijk (2005) has documented
significant mispricing of securities consistent with the Shleifer and Vishny limited arbitrage
model in the case of dual-listed companies (DLCs), closed-end funds and mergers and
acquisitions.
One of the highest profile examples of price disparity in the Asian markets is that
between the Mainland PRC A share markets in Shanghai and Shenzhen and the H share market
in Hong Kong. In that setting, functionally identical equity securities of the same companies
have traded at prices significantly different from theoretical parity for long periods of time. The
A share market in the Mainland PRC has been formally segregated from the rest of the world
economy and therefore arbitrage between the two markets has been largely impossible to any
significant degree. Studies of the A share and H share markets by Peng, Miao and Chow (2007),
Ng and Wu (2007), Fong, Wong and Yong (2007), Chan and Kwok (2005) and Wang and Li
(2003) have considered both market microstructure factors - such as market liquidity, shares
supply, market risk and conditions in the broader market - as well as macroeconomic factors as
contributing elements in the stock price disparity.
In August 2007, however, a significant event occurred in the A and H share markets that
should have affected these dynamics quite significantly. The PRC Government proposed to
allow Mainland PRC individual investors to invest directly in the Hong Kong market for the first
time - the so-called "through train" proposal. Once enacted this would allow Mainland PRC
investors to arbitrage any price differences that existed between A and H shares by trading in the
A and H share markets simultaneously. Rather than bringing market prices closer together,
however, in fact the nominal and currency adjusted differentials between the A and H share
markets widened after the August announcement, leading authorities to later delay the
introduction of the program.
Seeking an explanation for what might have led to this unexpected dynamic, I focused on
recent behavioral finance research considering the herding behavior of investors. In particular I
decided to pursue a line of thinking developed by DeMarzo, Kaniel and Kremer (2004) and
(2007). The herd behavior they describe as "community effects" arise in circumstances where
investors are divided into distinct geographic/demographic communities. In those cases, their
research finds that it is often optimal for investors to take into account the investment decisions
of other community members when choosing/valuing their portfolios. While such behavior is
not consistent with general equilibrium theory, when there are scarce local resources and/or
limitations on trade with other communities, competition for the available resources leads
investors to care about their relative wealth in the community. Therefore, rational risk averse
investors have an incentive to herd and choose portfolios similar to those held by the rest of the
community. This behavior also contributes significantly to the development of asset price
bubbles.
Given the anticipated enactment of the through-train proposal at a foreseeable point in
time on the horizon, and the clear segmentation of the Shanghai and Shenzhen markets from the
rest of the world, I thought it would be interesting to apply concepts of option theory to
determine exactly how valuable the new opportunity to invest in the Hong Kong markets would
be to a Mainland investor. My theory was that the value of this option to invest in a new market
is particularly clear in the case of the A and H shares where the opportunity to earn arbitrage
profits will be available for the first time in recent memory once Mainland investors can invest in
Hong Kong. Since the through-train proposal only contemplated that Mainland investors would
be able to invest in Hong Kong - and not vice versa - under the theory of DeMarzo et al. (2007)
to the extent community effects existed in the Mainland markets the A shares trading in
Shanghai would reflect both a fundamental valuation plus a premium associated with the value
of the embedded option to realize arbitrage profits by selling A shares and buying the equivalent
H shares.
The main contribution of this paper is to show that after adjusting for the price of an
option to exchange the H share for the A share - using a modified version of the exchange option
formula introduced by Margrabe (1978) and developed further by Carr (1988) -- the prices of
dual-listed A and H shares are almost perfectly correlated with each other from May 2006, when
the precursor to the current Chinese Qualified Domestic Institutional Investor (QDII) program
was first begun, through March 2008. The results are persistent both while the underlying
markets are rising significantly - from January to November 2007 - and while the markets were
declining significantly - from January to March 2008. .
I believe there are three principal implications of this study. First, there is clear evidence
that the Mainland Chinese equity markets have been behaving in a highly persistent and
predictable manner. I believe the results are consistent with past studies that found the A and H
share markets to be affected by microeconomic factors such as disparities in market liquidity and
market risk and macroeconomic factors such as currency movements and interest rate
differentials, as all of these are factors that are accounted for in the exchange option formula, but
in a very particular way. However, while my initial hypothesis was that this price behavior was
the result of behavioral factors such as those described by DeMarzo, Kaniel and Kremer (2007)
the strength and persistence of the trends now leads me to conclude that this is unlikely. A
possible alternative explanation is that the structure of the QDII regime itself is influencing the
price behavior. The technical rules for the program require foreign exchange deposits in China
to be used for overseas QDII investment, for example, and I am able to identify the effects of this
requirement in the price data. More research will be necessary before any firm conclusions can
be reached, however.
A second implication of this study is that it is currently possible to trade the synthetic
equivalent of A shares in the Hong Kong market fairly easily. Given the strength and persistence
of the price relationship identified, as well as the functional identity of the underlying securities,
by using a modified version of Margrabe's formula and algebraic calculations one should be able
to use the price relationship found in this study to identify and capture arbitrage opportunities
that may exist. While a full examination of this point is again beyond the scope of this study, I
provide evidence below that a simple trading strategy based on a price relationship between A
shares and H shares was able to identify 14 trading opportunities in the month of March, which
collectively have proven to be profitable. While obviously not conclusive, I believe these initial
findings are worthy of further exploration and lend support to the notion that the methodology of
this study is valid.
Finally, I believe the findings of this study have clear implications for financial
policymakers in the Mainland PRC and Hong Kong. On the positive side, this study supports a
fundamentally different view regarding the relative level of development of the Mainland PRC
securities markets. While acknowledging more work is yet to be done to improve the state of the
markets, the fact that the Mainland PRC markets are behaving in a manner closely consistent
with the "pricing" of a very complex option over long periods of time certainly suggests that the
Mainland PRC markets are more developed than may be commonly believed. A corollary to this
is that the Hong Kong and Shanghai markets are quite closely aligned on a fundamental basis,
and I present quantitative evidence for this conclusion in some detail in Section 6 below. That
this alignment may have arisen as a direct consequence of regulatory actions taken by Mainland
PRC authorities to open their market to Hong Kong can also be taken as clear evidence that
Mainland PRC and Hong Kong government policies have been effective in substantially aligning
the A share and H share markets. Accordingly, it may be possible to move forward with
integration of the Hong Kong and Shanghai markets, or at least the A and the H share markets, in
a responsible manner on a fairly short timetable.
A pre-condition for such integration, of course, would be to take steps to address the
factors that led to the development of a premium in the A share market in the first place as well
as remaining differences between the two markets. In particular, the volatilities of the A and the
H share markets continue to be quite different in certain periods after the through-train initiative
was announced and this dynamic presents a significant challenge for market integration. I
discuss two methods of market integration that have already been publicly considered and an
additional method that could be considered, but final choices may include a combination of one
or more of these approaches or others with similar effects preferred by policymakers.
The rest of this paper is organized as follows: Section 2 briefly describes the
characteristics of A shares and H shares and the markets in Shanghai and Hong Kong. Section 3
reviews literature relevant to the hypotheses being tested and Section 4 presents the two
hypotheses, one which considers whether the prices of A and H shares are correlated with the
related markets in Shanghai and Hong Kong at all, and then a more specific test considering the
co-movement of A and H shares with each other after adjusting A share prices for the value of a
hypothetical exchange option. Section 5 discusses the data. Section 6 presents the results of the
analysis. Section 7 discusses the implications of the results. Section 8 presents conclusions.
2. Sample Description
This paper studies a sample of 27 companies that currently have both A shares listed on
the Shanghai Stock Exchange (SSE) and H shares listed on the Hong Kong Stock Exchange
(HKEx), as well as the HSI A share Index (AHXA), the HSI H share Index (AHXH) and the
Hang Seng AH Premium Index (HSAHP) compiled by HSI Services Ltd.' I included in the
analysis all 27 companies that had both A shares listed on SSE and H shares listed on HKEx for
at least 12 months through December 2007, as indicated in Table 1. There were a handful of
companies that were suspended from trading for substantial periods of time, therefore to insure
the validity of the results my sample only included companies whose shares traded for at least
200 trading days on both exchanges. I also excluded shares listed on the Shenzhen Stock
Exchange to simplify the analysis.
2.1. Characteristics of A Shares and H Shares
A shares are ordinary shares in the share capital of companies incorporated in the PRC,
priced in RMB with dividends paid in RMB, that are listed and traded on the SSE and the
Shenzhen Stock Exchange. Until 2001, trading in A shares was restricted to Mainland PRC
domestic investors. Following reforms implemented in 2001 and 2002 foreign investors are now
allowed to trade in A shares in limited amounts under the Qualified Foreign Institutional Investor
(QFII) system.2
1A detailed description of the methodology for compiling the A and H share indexes is available on
the HSI Services website: www.hsi.com.cn/hsicn/e calculations/index.htmi.
2 There is also another class of securities listed on PRC stock exchanges - B shares - which pay
dividends in US dollars and are now permitted to be held and traded by both domestic investors
and foreign investors. Due to the relatively thin trading in B Shares historically and the otherwise
unsatisfactory performance of the B Share markets, it is generally believed that PRC regulatory
authorities intend to merge the A and B share markets eventually. While no specific plans to do so
have been announced to date, the clear focus of recent attention by investors has been on the A
share markets. See Stephen Green, China's Stockmarket: A Guide to its Progress, Players and
Prospects [Economist/Profile Books] (2003) pp. 50-55 for a discussion of the history and
dynamics of the B share market and a description of various proposals for reform.
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H shares are ordinary shares in the share capital of companies incorporated in the PRC,
priced in Hong Kong dollars (HKD) with dividends paid in HKD, which are listed and traded in
Hong Kong on HKEx. Apart from Chinese Qualified Domestic Institutional Investors (QDII), H
shares generally cannot be subscribed for or traded by or between legal or natural persons of
China under applicable regulations of the China Securities Regulatory Commission (CSRC).
A and H shares are regarded as different classes of securities under the articles of
association of PRC companies. However, the differences between the two classes of shares are
generally administrative in nature, including such matters as provisions on class rights, the
dispatch of notices and financial reports to shareholders, and the method of share transfer.3 The
class differences are set out in each company's articles of association and memorialized in the
prospectus filed with HKEx at the time of listing. However, A and H shares rank pari passu
with each other in all other respects, and, in particular, rank equally for all dividends or
distributions declared paid or made after listing. HKEx has also established a special chapter of
its Listing Rules (Chapter 14A) to ensure the differences between A and H shares fall within
acceptable parameters.
In 2005 and 2006, PRC companies began adding explicit language in their articles of
association contemplating that A shares may be transferred to Hong Kong to be held as H shares
as long as applicable regulatory approvals were obtained, and establishing simple administrative
procedure for effecting the transfer. Language was also added to the Share Capital section of
listing documents describing the process for investors.4 In its Listing Decision 56-1 (September
2006), HKEx stated that it considered the domestic shares of PRC incorporated companies
(including A shares) to be identical in all material respects to H shares, except for the fact that
dividends would be paid in different currencies and the shares would be held on different share
registers. On that basis HKEx agreed to issue conditional approval for shares to be listed in
Hong Kong upon transfer from the Mainland PRC domestic market in order to ensure that the
transfer process could be completed promptly upon notice to HKEx and delivery of shares for
inclusion in the Hong Kong share registrar.
3 See, e.g., the listing prospectus of Industrial and Commercial Bank of China (ICBC), dated October,
2006 and available on the HKEx website: www.hkex.com.hk.
4 See, e.g., the description of the process given by ICBC on page 192 of its listing prospectus.
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2.2. Overview of the Markets in the Mainland PRC and Hong Kong
Although there are certain formal differences between A and H shares, the two classes of
securities are perfect substitutes for one another in most economic and practical respects. Both A
and H shares represent claims on exactly the same underlying cash flows, and following market
developments in 2005 and 2006 it became clear that A shares could be transferred to Hong Kong
and held as H shares upon receipt of necessary approvals from regulators in the Mainland PRC
and Hong Kong. The markets on which the securities trade, however, are markedly different.
2.2.1. Shanghai Stock Exchange
The SSE was the sixth largest stock exchange in the world as of year-end 2007, with 860
listed companies and a total market capitalization of RMB26.98 trillion (US$3.69 trillion). Total
market turnover for the year was an all time high of RMB30.85 trillion (US$4.1 trillion). There
are no foreign stocks listed on the SSE. The SSE was the second largest stock exchange in the
world in 2007 in terms of equity capital raised in new listings, with a total of RMB438 billion
(US$58.3 billion) raised in 18 new listings during the course of the year.
As a result of capital controls imposed by the PRC Government, Mainland PRC
institutional and individual investors generally cannot easily remit financial assets out of the
country to invest overseas, other than within certain strict limits and through programs such as
the QDII program, which also imposes specified limits. Moreover, the PRC Government owns
more than 70% of the total share capital of listed state-owned enterprises, constituting some of
the largest listed companies in Shanghai, thereby limiting the total securities available for trading
to an amount that may in practice affect the trading dynamics of certain listed equities. 5
2.2.2. Hong Kong Stock Exchange
HKEx is the seventh largest stock exchange in the world as of year-end 2007, with 1244
listed companies and a total market capitalization of HK$20,698 billion (US$2.653 trillion).
Total market turnover for the year 2007 amounted to an all-time high of HK$21,665 billion
5 See Stephen Green, China's Stockmarket: A Guide to its Progress, Players and Prospects
[Economist/Profile Books] (2003) pp. 29-32.
(US$2.778 trillion). In addition to dual-listed A and H shares, another 27 stocks were cross
listed on both HKEx and an exchange in the US or London (or both).
Hong Kong's economy is characterized by free trade, low taxation and minimum
government intervention. It is the world's 11th largest trading economy, with the Mainland of
China as its most significant trading partner. Hong Kong maintains a stable external exchange
value of the HKD in terms of its exchange rate against the US dollar at around HK$7.80 to one
US dollar, and is an important banking and financial centre in the Asia Pacific. According to the
Bank for International Settlements, Hong Kong is the third largest foreign exchange market in
Asia and the sixth largest in the world, with the net daily turnover of foreign exchange
transactions reaching US$175 billion in 2007.
By far the most important category of securities listed on HKEx are H shares - the shares
of companies incorporated in China that were designated by Chinese authorities for trading in
Hong Kong. As of year-end 2007, 146 companies had listed H-shares on HKEx, and seven of
the 10 largest companies by market capitalization listed on HKEx were H-share companies. A
total of 52 companies with Hong Kong market capitalization of HK$4.2 trillion (UDS$539
billion) had both A and H shares listed in Shanghai and Hong Kong, respectively, though the
markets remained formally separated. See Table 1 for a compilation of relevant information on
dual-listed A/H share companies.
2.2.3. Introduction of the "Through-Train" Proposal
The language added to the articles of association of PRC companies was an early formal
indication that the Hong Kong and Mainland PRC markets were growing closer together, but
more significant steps occurred during the course of 2007 following a comment period that
began earlier in the year. In early May 2007, the China Bank Regulatory Commission (CBRC)
formally introduced a plan to widen the scope of the QDII regime and allow domestic Chinese
commercial banks and funds to buy overseas equities and structured products.6 After the A share
markets continued to trade higher in the weeks following this initiative the Chairman of the
Hong Kong Monetary Authority was quoted in June 2007 as saying that if QDII adjustments
6 See, Ng, K. and G. Dhungana, "Wider QDII Lets Banks Buy Stocks Overseas", May 12, 2007, The
Standard (Hong Kong).
could not resolve the problem of excess liquidity in the Chinese markets, regulators would look
to expand channels for capital to flow out of the country. 7 Shortly thereafter the Chief Executive
of Hong Kong was quoted on the front page of the Financial Times as confirming that talks were
underway to consider proposals to begin trading Hong Kong and Shanghai listed shares on each
other's exchanges, 8  and specific reference to an arbitrage mechanism soon followed in
comments by Hong Kong's Financial Secretary. 9 By late June, the arbitrage opportunity
between A shares and H shares was being highlighted in the Lex column of the Financial
Times,' 0 and the CSRC announced revisions to the QDII regulations for brokerages and fund
managers equivalent to those announced earlier by the CBRC."
The most dramatic steps, however, occurred in late August 2007 when the PRC
Government formally announced that it would let individuals open brokerage accounts with the
Tianjin branch of the Bank of China for purposes of investing in the Hong Kong stock market. 12
The accounts were to be exempt from the existing rules that restricted Chinese individuals to no
more than US$50,000 in foreign exchange transactions per year. The Hong Kong initiative
prompted investment banks to raise their estimates of fund flows that could be expected from the
Mainland PRC to Hong Kong in the immediate future and led to a massive rally in shares listed
in Hong Kong.13
2.2.4. The Relationship Between A Share and H Share Prices
As evident in Table 1, the A shares and the H shares of dual-listed companies are among
the most actively traded stocks in both Hong Kong and Shanghai, with average trading volumes
of over 59 million shares per day in Hong Kong and 27 million shares per day in Shanghai.
There is also considerable public information available regarding the companies in both Hong
Kong and the Mainland PRC. Despite these characteristics, shares trading in the A and the H
share markets have shown persistent patterns of deviation from theoretical parity, similar in kind
7 J. Tam, "Hard to Call a Soft Landing" June 5, 2007, The Standard (Hong Kong).
8 Mallet, V. and T. Mitchell, "Tsang Backs Cross-border Trade", June 18, 2007, Financial Times.
9T. Chan, "Tang raises Alarm on Share-Price Inequity", June 18, 2007, The Standard (Hong Kong).
10 Lex, "China/Stock Arbitrage", June 21, 2007, Financial Times.
" J. Anderlini, "China Eases Overseas Share Curbs", June 22, 2007, Financial Times.12 Ng, K. and F. Mak, "Tianjin Trial Set to Boost HK Stocks", August 21, 2007, The Standard (Hong
Kong).
13 See, e.g., UBS Investment Research Report, "A Strategic Move on HKEx", September 10, 2007.
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to those observed in other studies of dual-listed companies and "Siamese twin" shares. 14 These
differences grew in significance after January 2007, and became the subject of much
commentary later in the year.15 Chart 1 graphs the deviation from expected parity for the HSI
indexes of A shares and H shares since January 2006. Similar patterns are identifiable to a
greater or lesser extent in individual dual-listed stocks.
3. Literature Review
3.1. Limits of Arbitrage and Herd Behavior
The magnitude and persistence of the disparity between the A and the H share market
prices in 2007, as volumes of share trading were growing rapidly, raised clear concerns that a
bubble had formed in the A share market. The formal separation of the Mainland PRC and the
Hong Kong markets, the close economic and legal identity of the securities themselves, and the
very different characteristics of the markets in the Mainland PRC and Hong Kong, then leads
naturally to the conclusion expressed by economic policymakers in Hong Kong that linking the
two markets more closely through a mechanism that would allow arbitrage to occur could reduce
the price differential. However, prior academic work on the "limits of arbitrage" suggests this
conclusion is not so clear.
DeLong, Shleifer, Summers and Waldmann (1990) showed that in an overlapping
generations model of an asset market irrational noise traders with erroneous stochastic beliefs
create unpredictability in price levels. This, in turn, deters arbitrageurs from entering and
therefore allows prices to diverge significantly from fundamental values even absent
fundamental risk. This idea was developed further by Shleifer and Vishny (1997), Shleifer
(2000), and numerous later studies. A related but distinct line of enquiry focused on the role of
the behavioral dynamics of rational actors in the development of price bubbles. Topol (1988)
showed that bubbles can develop and excess volatility is displayed as soon as agents in the
market exhibit mimetic contagion behavior and/or correlated present values, and it is these
correlated behaviors (not simply irrationality) that drive the stock price away from its present
14 See, e.g., Froot and Dabora (1998); and Rosenthal and Young (1990).
15 See Wan, H. and M. Tsang, "Hong Kong Stocks' "Obscene" Gap with China Lures Mobius,
Baring", October 15, 2007, Bloomberg.com; L. Norton, "Just How High Can China's Shares Fly",
October 15, 2007, Barron's; A. Bary, "China's Sky-High Valuations Don't Compute", October 29,
2007, Barron's.
value dynamics. Applying these ideas to the Chinese markets, if the A share premium had
developed due to the behavioral dynamics of rational actors rather than the irrational actions of
noise traders a mechanism linking the A and the H share markets might actually contribute to the
formation of a bubble by increasing correlations between the two markets in the short run. Work
by Froot, Scharfstein and Stein (1992) also established that rational agents with shorter time
horizons may have a greater tendency to herd, so the exact composition of agent preferences in
the two markets could affect the expected outcomes quite significantly.
3.2. Community Effects and Risk Aversion
More recent work by DeMarzo, Kaniel and Kremer (2004) builds on this tradition by
establishing that the herd behavior they describe as "community effects" may also arise in
circumstances where investors are divided into distinct geographic/demographic communities.
In those cases, their research finds that it is often optimal for investors to take into account the
investment decisions of other community members when choosing/valuing their investment
portfolios. While such behavior is not consistent with general equilibrium theory, when there are
scarce local resources and/or limitations on trade with other communities, competition for the
available resources leads investors to care about their relative wealth in the community.
Therefore, rational investors who are more risk averse than log utility have an incentive to herd
and choose portfolios similar to those held by the rest of the community. The relative tendency
to herd into similar portfolios increases with risk aversion once the risk aversion coefficient
exceeds a certain threshold.
These relative wealth considerations also both establish and support the existence of asset
price bubbles by increasing the risk of trading against the crowd. In particular, DeMarzo, Kaniel
and Kremer (2007) highlight that both:
* increases in aggregate risk (arising from factors such as portfolio constraints due to
incomplete markets); and
* demographic factors such as (1) the wealth of middle aged agents relative to younger
agents in a community and (2) the aggregate relative wealth of younger agents in the
community,
may contribute significantly to such bubbles. In the former case, aggregate risk forces agents to
hold more of the risky assets than they might otherwise in a more complete market. Once they
hold the risky assets, the herding effects of relative wealth concerns induce the participants to
hold more again of the risky securities, leading to a bubble dynamic that increases with the
amount of aggregate risk in the economy. In the latter case, the speculative bubble again arises
due to the fact that the market is incomplete, but the incompleteness is not due to a missing asset,
but due to a missing agent - namely unborn agents that are not able to trade at points in the
model such as time zero but who will nonetheless affect market dynamics at later points in time.
The absence of the offsetting trades of the unborn actors raises the possibility of equilibrium
arising with speculative trading, and this possibility again increases the more the risk aversion of
the younger cohort exceeds a threshold of log utility.
3.3. Valuing the Limits of Arbitrage
The clear separation of the Mainland PRC securities markets from markets in the rest of
the world makes it relatively straightforward to consider A share investors as a geographically
and demographically distinct community, and I will be hypothesizing that Mainland PRC
investors exhibit a degree of risk aversion sufficient for the wealth effects described by DeMarzo
et al. (2007) to be evident in the A share market, and testing that hypothesis below. But in order
to have an appropriate hypothesis to test, I need to have some sense of how big an effect this
herding behavior would have on a rational investor faced with these community dynamics.
Otherwise it will be impossible to separate out the herding effects from other factors that may be
affecting the market. Therefore, the key question becomes how much would a rational investor
be willing to pay to insure that they are able to preserve their relative wealth in the community at
future points in time, assuming complete markets? By defining this boundary, one would in
principle be able to distinguish rational behavior in a market influenced by community effects
from the irrational behavior of noise traders with erroneous stochastic beliefs that may be
affecting the markets.
Recent work by Ait-Shalia and Brandt (2007) introduced the concept of using option
price information as a way into this problem as it arises in the portfolio allocation setting, since
option prices map out the prices at which state contingent consumption can be purchased today.
But because they identified no derivatives with payoffs that link equity and bond returns the way
quantos link equity and currency returns they use observed option prices for equity and bond
indices to construct a joint distribution for the two indices in their study through a copula
function, and then feed these results into their methodology to determine an optimal portfolio
allocation for investors with varying degrees of risk aversion. While I recognize the merits of
this approach, the absence of listed derivatives specifically tailored to individual investor
requirements is pervasive in both developed and developing capital markets and, in my view,
does not need to constrain the analysis.
Methodologies for pricing exchange options developed by Margrabe (1978) and Carr
(1988) in particular have provided the basis for developing a very rich market for over-the-
counter (OTC) derivatives that is readily available to institutional investors today. Industry
standard information services such as Bloomberg and commercial financial software programs
such as FinCAD include analytical formulas for valuing exchange options that allow a wide
range of potential customers to understand and compare the prices for OTC instruments being
quoted by derivatives dealers, and while using such formulas means one must calculate rather
than observe the price of the option in question, for these purposes the difference in approach
shouldn't matter. Either way we are able to obtain a price that allows one to understand and
value the limits of arbitrage: i.e. the extent to which an arbitrageur can or cannot hedge the risk
of participating in a market through the purchase or sale of one or more other instruments,
whether exchange traded or OTC.
4. Hypotheses to be Tested
4.1. Overview of the Approach
The way I use the ideas described above in this paper is as follows:
I consider the case of a rational investor in the geographically distinct community of the
Mainland PRC faced with the decision of how to price an A share for purchase or sale from and
after the point in time when the through-train proposal is made through the point when the
initiative goes live. I assume investors in both the A and the H share markets have equivalent
access to all relevant public and private information needed to value the shares, including the
currently observed prices on both markets and all relevant trading history for both markets.
I hypothesize that this investor is subject to the community effects described by DeMarzo
et al. (2007) and therefore would be concerned about his/her relative wealth in the community.
Accordingly, in view of the fact that the holder of an A share would be able to replace their
position with an equivalent position in the H share while selling the A share at the market price
on the date the through-train initiative goes live, the buyer (seller) would logically bid (ask) a
price that reflected the value of the arbitrage opportunity holding the A share would provide.
Since the through-train proposal only contemplated that Mainland PRC investors would be given
enhanced access to the Hong Kong markets, not that foreign investors would receive improved
access to Mainland markets, the holder of an A share (but not the holder of an H share) could
effectively obtain the better or worse price of an A share or an H share when the proposal went
live.16
This option to obtain the better or worse price of an A share or an H share is capable of
being valued precisely. It is conceptually equivalent to a position in one of the assets combined
with an option to exchange it for the other asset:17
min(S 1,S2 ) = S2 - max(S 2 - S1, 0) (1)
max(S 1,S2) = S1 + max(S 2 - S1, 0)
Therefore, from and after the time the through-train proposal went live, the price of an A share
should reflect both a fundamental value plus a premium equal to the value of the embedded
option to realize arbitrage profits by selling A shares and buying the equivalent H shares. The
ability to realize profits equal to the difference between A shares (minus) H shares is equivalent
to the value of an option to receive the value of A shares while paying the value of H shares as
the strike price.
16 This asymmetry of access is consistent with the language added to the articles of association of H
share companies in 2005 and 2006, which also only contemplated that A shares might be
exchanged for H shares, but not vice versa.
17 See John C. Hull, Options, Futures and Other Derivatives, 3rd Edition (1997) Prentice Hall, USA, p.
468.
4.2. Hypotheses to be Tested
In light of this background, my null hypothesis is that relative prices of A and H shares
should be uncorrelated with everything. I also have two further hypotheses that I test:
* The Hong Kong and Mainland PRC markets are segmented, so that relative
market shocks explain movements in the price differential. This is the conclusion
reached by Guo and Tang (2006) and Wang and Li (2004) for the A and H share
markets and by Froot and Dabora (1999) in a comparable study of the shares of
three large "Siamese twin" companies; and
* The Hong Kong and Mainland PRC markets are segmented, but the structures of
proposals intended to integrate the two markets have resulted in the creation of an
entitlement (an exchange option), the value of which is affecting the A share
market but not the H share market. As considered in more detail below, in light
of the specific equations for valuing an exchange option this is essentially a more
precise restatement of my first hypothesis, but one which, if true, leads to very
different implications and conclusions.
4.3. Methodology
4.3.1. Correlation with Home Markets
To examine the co-movement of A and H share prices with different markets, I regress
the A share and H share daily log returns for each of 27 dual-listed companies in my sample on
Hong Kong and Shanghai market index log returns plus the log currency changes in Chinese
Yuan (CNY) and HKD:
rA = A + Z=-1fHSIt+i + Z_1 SCIt+i + Et , (2)CNY t+k
rH = aH + =-1_flHSIt+i + _6SCIt+j +  =1 HKD + . (3)CN~t+k
In these equations, rA and rHare the A and the H share returns for the firm or the index on day t
respectively. HSIt is the Hang Seng Index (HSI) returns on day t, SCIt is the Shanghai
Composite Index (SCI) returns for day t, and HKD/CNYt are the exchange rate returns on day t,
while aA and aH are the constant terms, f, 6 and y are the coefficients on the portfolio returns
and Et is the random error term.
The null hypothesis is that all of the slope coefficients are zero. Under the alternative
hypothesis, the more segmented the Hong Kong market is from the Shanghai market, the higher
will be the estimated slope of the H share with the HSI and the lower will be the estimated slope
of the H share with the SCI. Similarly, for given local currency stock returns, an appreciation of
the CNY increases the return on the A share index relative to the H share index and therefore the
A share returns should exhibit a negative coefficient with the HKD/CNY exchange rate returns.
To examine the relative co-movement of A shares and H shares for the 27 dual-listed
companies, I regress the companies' log return differentials on Hong Kong and Shanghai market
index log returns plus the log currency changes in CNY and HKD:
rA +H a+ (4)TA-H i=flHSIt+i + =_1 SCIt+j + =-1 k + Et. (4)
In this equation, rA-H is the daily log return differential between the A and the H share markets
and all other terms are the same as described above.
In this regression, the null hypothesis again is that all of the slope coefficients are zero.
Under the alternative hypothesis, the more the Hong Kong or Shanghai market influences
variations in the AH premium, the higher the estimated slope. Similarly, the A/H share
differential should exhibit a negative coefficient with the HKD/CNY exchange rate. For given
local currency stock returns, an appreciation of the CNY increases the return on the A share
index relative to the H share index and therefore should increase the A/H differential.
In light of the unusual currency conditions in both Hong Kong and the PRC I give each
market and currency factor its own coefficient in Equations 1, 2 and 3. This will allow me to
determine if the A and H share returns, and the AH premium returns, have differential exposures
to these two factors. Therefore, if local investors drive up the local currency values of the local
stock for reasons unique to that market I would expect to find a positive beta on the local
currency stock index. But if changes in the local currency are driven by entirely different
factors, the beta on the currency change would be expected to be zero.
4.3.2. Correlations After Deducting the Calculated Value of a Hypothetical
Exchange Option
To consider relative co-movement of A and H share prices with the value of an exchange
option, I begin with the value of a hypothetical option to exchange an H share for an A share
established by Margrabe:
w(Si,S 2,T) = S1N(d)- S2N(d2)
ln(S1/S2)+ 2-a(T)
dl = a4 (5)
d2= dl- a-T'.
In this equation, S1 is the market price of A shares, the risky asset obtained in the exchange, S2
is the market price of H shares, the risky asset given up to get S, , and N() is the cumulative
standard normal density function. In this special case of the Black Scholes formula, the
volatility factor T is defined in terms of the volatility of S2 /S 1 , which includes a correlation
coefficient for returns of S1 and S2:
2 = 2 + 2 - 2aa212(6)
Therefore positions in the exchange option can be seen as implicit views on the relative
volatility and correlation of the A share and the H share markets.
Because the original Margrabe formula doesn't consider the payment of dividends or the
cross currency effects of the particular version of an exchange option relevant to the A and H
share markets, I adjust the formula for these factors as follows:
w(S 1,S2, T)= e-a2T[ FN(dl)- S2N (d2
F = XSle- a Tr
In(XS1/S)+2 (T)
d = , (7)
d2 = dt- oV-T .
In addition to the components described above, in this equation: F is the forward rate on S1 , the
asset being received in the exchange, X is the HKD/CNY foreign exchange rate; a, is the
continuous dividend rate on the index in CNY and d2 is the dividend rate on the index converted
into HKD at rate X. 18
I finally subtract this calculated value of a hypothetical exchange option from the A share
index, on a daily basis, and recalculate the relative co-movements of A and H share prices after
this adjustment. The null hypothesis in this case is that the difference between the correlation
coefficients for currency adjusted A and H share returns 1) on a nominal basis, and 2) after
subtracting the calculated value of the exchange option, is zero. In that case the presence or
absence of the calculated option on average has no affect on the relative movements of the two
markets. Under the alternative hypothesis, the more the closely the value of the exchange option
equals the AH Premium, the higher will be the value of the difference between nominal and the
ex-option correlation coefficients (bounded by 1 minus the nominal correlation coefficient).
5. Data Sources
All prices for individual A and H shares are taken from the SSE and the HKEx,
respectively. Information on the AHXA and the AHXH indexes is taken from Bloomberg. For
Shanghai and Hong Kong market returns, I use log returns of the SCI and the HSI, respectively.
The use of these indexes creates some issues because of the fact that a number of the securities
being examined are in both SCI and the HSI. Therefore, the regression coefficients are biased
relative to what they might be on indexes which exclude these stocks. The bias is likely to be
particularly pronounced in the case of stocks such as the ICBC and the Bank of China, which are
some of the largest stocks traded on the SSE; however, since the principal focus of this study is
on the ex-option analysis presented in section 6.2 and 6.3 below, I do not present an estimate of
the bias or adjust the data sources to account for this factor.
For the exchange option calculations, I again used daily reported values for AHXA and
AHXH, in local currency terms, from Bloomberg as the basis of the analysis. I used the daily
log return data to calculate an estimate for 20 day rolling average volatilities for both of the
18 See K. Demeterfi, "How to Value and Hedge Options on Foreign Indexes", Goldman Sachs
Quantitative Strategies Research Notes, September 1998.
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indexes and to calculate an estimated 20 day rolling average correlation between the two
indexes. I then used these calculated figures, in turn, as the basis for calculating the value of
sigma required for the Margrabe formula.
One feature of the Margrabe formula for valuing an exchange option is that it does not
depend on the risk free rate in either the Shanghai or the Hong Kong market. This is because as
r increases the growth rate of both asset prices in a risk-neutral world increases, but this is offset
by the increase in the discount rate. Accordingly, my calculations of values for the exchange
option did not require that I indentify and use risk free rates for the Mainland PRC and Hong
Kong markets. I did use interest rate data for the baseline calculation of the effect of differences
in the discount rates between the Hong Kong and the Mainland PRC markets. For these
purposes I used 91 day rates for HKMA Exchange Fund Notes obtained from the HKMA
monthly statistical release (Table 5.3.3) and the 90 repo rate in the Mainland bond market
obtained from Global Financial Data. Throughout my analysis I also use HKD/CNY exchange
rates from the HKMA monthly statistical release (Table 6.1.3).
I was required to estimate two inputs to the Margrabe formula for purposes of the
calculations. I used a static estimate of 3% in HKD terms for the dividend yield of the H share
index based on a review of several sources, including the HSI Services website and information
collected from Bloomberg. To represent the assumed equivalent knowledge of a Mainland PRC
investor I adjusted the dividend yield of A shares by the differences in exchange rates and price
levels in the two markets on each trading day. I recognize the limitations of this approach, but I
could not identify a reliable source of reported daily figures for this factor, so I believe this to be
acceptable in the circumstances. For the time to expiration of the hypothetical option, I actually
ran a series of different estimates based on various time horizons from 5 days to 540 days. The
time to expiration certainly affects the value of the option, and I discuss this in some detail
below, but the major trends remain the same. I generally illustrate the results of my analysis
using an option with time to expiration of 30 days.
6. Results
6.1. Regression Analysis
6.1.1. A Share and H Share Returns
Tables 2 and 3 record the coefficients of the regressions of the A and the H share returns
performed for each of the 27 firms in the sample, as specified in equations (1) and (2).
For the A shares, the coefficients on the Shanghai market returns are all positive at a
statistically significant level while only four firms have statistically significant coefficients with
the Hong Kong market. This was expected and consistent with the results of Guo and Tang
(2006) and Wang and Li (2004). It also suggests that most of the A share stocks do not have
significant exposure to the Hong Kong markets. However, the A shares of 14 of the firms also
have positive coefficients with the HKD/CNY exchange rates, and in some cases strongly
positive coefficients, indicating that there is at least some cross-market influence taking place.
For the H shares, the coefficients on the Hong Kong markets are all positive at a
statistically significant level, and 21 out of 27 firms also have a significantly positive coefficient
with the Shanghai market. The coefficients with the Hong Kong market are also greater than the
Shanghai market coefficients for all of the firms analyzed, indicating that H shares perform more
like Hong Kong listed shares than Shanghai listed shares, but the exposure to the Shanghai
market evident in the statistically significant coefficients for 21 of the firms supports the notion
that international investors can use H shares to diversify across markets. This is also consistent
with the results of Guo and Tang (2006) and Wang and Li (2004). Here again, however, there is
evidence of at least some currency influences in the form of negative coefficients between the H
shares of 7 firms and the HKD/CNY exchange rate.
Given that generally the relation between A share returns and broader markets is different
than the relation between H shares returns and broader markets, the results of my study to this
point support the findings in previous studies that the stocks dual-listed in Hong Kong and
Shanghai trade in segmented markets. However, the persistence and strength of the currency
relationship across markets for at least some companies is noteworthy and can perhaps be viewed
as an indicator that there are more linkages between the markets than may be evident on the
surface of the data.
6.1.2. AH Differential Returns
Table 4 records the coefficients of the regressions of the AH premiums performed for
each of the 27 firms in the sample as specified in equation (3).
In this case, the coefficients for the AH premium on both the Hong Kong and Shanghai
markets are all statistically significant with the expected signs, supporting the notion that market
influences play a role in explaining the valuation of A share premiums. However, all of the
firms in the sample also show very significant coefficients on the exchange rate changes, with
almost half of the firms (13 of 27) having strongly negative coefficients between the AH
premiums and the HKD/CNY exchange rates. The coefficient of -6.55680 for Sinpoce Yizheng
Chemical Fibre Co., for example, indicates that for each one-percent depreciation of the HKD
against the CNY one might expect an increase of 6.5% in the relative price of the company's A
share over its H share.
These results are all broadly consistent with the findings of Guo and Tang (2006) and
Wang and Li (2004) but the significance of the currency influences on the AH premium is more
pronounced in this study than in previous work. Moreover, despite the persistence of these
trends over time, a more precise description of the relationship between currency trends, market
trends in the Hong Kong and the Shanghai markets the prices and the AH premium has not been
identified to this point using quantitative methods. Therefore, it is natural consider whether
combining behavioral analysis with quantitative analysis may produce more insights.
6.2. Analysis of Option Adjusted Results
To increase the level of generality of my work, for this portion of the paper I analyze
the A share and H share indexes (AHXA and AHXH) rather than individual stocks. I also
rely principally on charts rather than tabular data to present the results of my analysis
because I believe they have greater explanatory power. All references made to specific
quantitative data in this section are to data that is also reflected in the charts.
6.2.1. Foreign Exchange and Discount Rate Adjustments
As a preliminary matter I considered whether very simple adjustments to account for
foreign exchange differences and differences in risk free rates that would in turn affect the
valuation of the equity under approaches such as the Gordon Growth model had any
significant power to explain the AH Premium (i.e., the A share price (less) the H share price
after adjusting for exchange rates). This possibility was discussed in Fong, Wong and Yong
(2007), for example, and I wanted to be able to distinguish these effects from ones associated
with the hypothetical exchange option. The results of my analysis are presented in Chart 2,
and I found there is some appreciable effect on the AH Premium from these adjustments but
not enough to explain a significant portion of the premium prior to December 2007. After
that point the effect of the currency adjustment in particular becomes more significant. The
period from December 2007 to March 2008 was also one in which the CNY appreciated
approximately 7%, and I will discuss this relationship in greater detail below.
6.2.2. Effect of Adjusting Nominal Prices to Exclude the Option
Charts 3 and 4 show the core results of the exchange option analysis. Chart 3
presents a comparison of the nominal AH Premium and the AH Premium after deducting the
calculated value of an exchange option from January 2006 through February 2008. I also
adjusted the ex-option AH Premium to account for differences in the risk free rates in the two
markets, but the effect of this was fairly modest in most periods, as explained above. The
overall effect is quite dramatic, with the adjustment for the exchange option bringing the A
and the H share markets into substantial alignment through all periods back to June 2006.
To give a sense of the trends in the price of the hypothetical exchange option during
this time frame, Chart 4 presents the nominal A share price broken down into two
components 1) the option value and 2) the ex-option value. The option value is quite small
relative to the price of the A share through January 2007, and therefore has little effect and
little explanatory power. There is a small peak in mid-2006 which is likely associated with
the introduction of the precursor of the QDII regime in May and market activity following
the announcement by the CSRC that the IPO market in the Mainland PRC would be re-
opening later in the year, as it eventually did. In 2007 the calculated value of the
hypothetical exchange option begins to climb significantly. The relative value of the
hypothetical option spikes in late July 2007, just prior to the time the through-train proposal
was announced, but then basically plateaus. More variation follows in January - February
2008 in connection with significant declines in both the Hong Kong and the Mainland PRC
markets during this period. An alternative view of these trends is shown in Chart 5.
6.2.3. Detailed Analysis of the Ex-Option AH Premium
Chart 6 presents the dynamics of the ex-option AH Premium in different periods in
greater detail. Prior to May 2006, the explanatory power of the exchange option hypothesis
is low. This was a period when the H share market traded at a premium to the A share
market and the CSRC had effectively shut down the IPO market in Shanghai and Shenzhen
to prepare for market reforms. The two markets then traded in close alignment on both a
nominal and an option adjusted basis from mid-year 2006 through January 2007 when the A
share market began to rise significantly in nominal terms compared to H shares.
After adjusting for the effects of the hypothetical exchange option the A and the H
share markets traded within a range of +4% to -11% from June 2007 through March 2008, a
deviation from parity consistent with the experience documented by Froot and Dabora (1999)
for large capitalization companies with "Siamese twin" shares trading on the New York,
London and Amsterdam stock exchanges. The through-train proposal was formally
announced on August 21, 2007 but the results of my analysis show there were no apparent
effects from this event after adjusting for the value of an exchange option. In other words the
nominal price increases in the A share market are fully accounted for by elements of the
exchange option formula, including factors such as correlation and volatility levels in the A
and the H share market, as discussed in more detail below. There is a distinct downward
trend in the results, however, which should be accounted for as well.
6.3. Relative Contribution of the Option to the Nominal Price Level
The two critical inputs for valuing the exchange option are 1) correlation of returns in
the A and H share markets and 2) the ratio of the volatilities of the two indices to be
exchanged. These are the key factors quantifying the links between the two markets that are
the subject of the option. The theoretical value of the option is also affected by the CNY-
HKD foreign exchange rate and bounded by the value of the shares to be received in the
exchange, since one would never pay more for the option than for the item being received
itself. Given the premises of my hypothesis, to better understand how to interpret the results
presented in Charts 3, 4, 5 and 6 I look at the volatility and correlation trends in the A and H
share markets, as well as CNY-HKD foreign exchange rate trends, in greater detail below.
6.3.1. Correlation Trends
Chart 7 presents trends in correlation for nominal A and H share returns and shows a
trend of increasing correlation during the period. There is no observable dynamic that I
could identify that corresponds very closely to the introduction of either the QDII regime or
the through-train proposal. The trend of increasing correlation is consistent with findings in
other studies, such as Fong, Wong and Yong (2007). In addition, the data on nominal
correlation would be affected by the dynamics of the embedded exchange option under my
hypothesis. Therefore, to consider how closely the A and H share markets are aligned on a
fundamental basis, one must first deduct the value of the option and then re-examine the data.
Chart 8 presents both nominal and ex-option correlation data for comparison.
Nominal correlation is the correlation of nominal A and H share returns. Ex-option
correlation is the correlation of H share returns with A share returns less the calculated value
of an exchange option. The difference is again remarkable, with ex-option correlation first
exceeding +.90 in June 2006, before declining briefly in August 2006 and then subsequently
exceeding +.99 in November 2006. Ex-option correlation has stayed within a tight range
around +1 since that time, including all through January and March 2008 when both the
Hong Kong and the Shanghai markets declined significantly. Adjusting the figures for
foreign exchange rate differences has some tightening effect on the data, but the correlation
levels are generally so high that the effect is largely indistinguishable after November 2006.
6.3.2. Foreign Exchange Trends
Differences in correlation levels between the A and the H share market do not account for
the distinct downward trend in ex-option A share premium between 2006 and 2008, however.
The trend roughly corresponds to the appreciation trend in the CNY during this period, but I
initially had difficulty making a specific connection between currency trends and the Mainland
PRC equity markets. After conducting further research into the specific requirements of the
QDII regime, I found that a Mainland PRC regulatory guideline issued in April 2006 only
permitted domestic investors participating in international markets through the QDII program to
use funds held in foreign currency accounts - not CNY accounts - when making such
investments. 19 Accordingly these investors do not experience the cross-currency effects included
in the exchange option model described above, since their funds are already held in foreign
currency such as HKD.
After adjusting for this factor, by eliminating the foreign exchange adjustment previously
used in the model, the core results of the exchange option analysis are even more dramatic.
Chart 9 presents a comparison of the nominal AH Premium and the AH Premium after deducting
the calculated value of an exchange option using the modified formula. The change in the
foreign exchange element results in substantially full alignment of the markets from May 2006 to
March 2008. Chart 10 presents the dynamics of the ex-option AH Premium in greater detail.
6.3.3. Volatility Trends
Still remaining to be accounted for are the actual trends in prices of the exchange option
affecting the A share markets in different periods. Exchange options and similar products are
19 V. Ruan, "China Sets Rules for Firms Looking to Invest Abroad" September 7, 2006, Wall Street
Journal.
often described as correlation products, but volatility is obviously a substantial contributor to the
value of the option as well. Charts 11, 12 and 13 present volatility trends in the A and the H
share markets in greater detail and in several steps. Chart 11 shows the raw calculated 20 day
rolling average volatilities for the two markets from 2006 through February 2008. While
volatility trends in the A and the H share markets are broadly similar, I did not identify any
obvious relationship between the volatilities in the two markets.
I found a more useful way to consider the degree of alignment between to the A and the
H share markets to be the hedge ratio, which defines the size of the position a trader would take
in one market to hedge their risk in another. It is a function of the correlation of the two markets
multiplied by the ratio of the volatilities of returns in the two markets. To the extent one share
price perfectly mirrors the other this ratio will approach +1, but differences in correlation or
volatilities will cause the hedge ratio to deviate from +1.
If the hedge ratio is not +1, then holders of A and H shares will have an incentive to buy
or sell shares in the other market once arbitrage is permitted. To gauge the relative importance
of these incentives in each market I calculate a figure representing the difference between the
hedge ratios for each of the A and the H share markets. The closer the hedge ratio differential is
to zero, the more stable the unification of the two markets can be expected to be in conceptual
terms, though for purposes of this paper I don't consider differences in the absolute numbers of
shares available in the two markets, or the number of shares relative to the investor population or
other factors that would certainly affect the dynamics of any actual unification of the two
markets.
While ex-option correlation approached +1 after July 2007, the volatilities of the A and H
share markets were not as closely aligned and this resulted in a substantial misalignment of the
two markets as measured by the hedge ratio differential. Chart 12 shows this misalignment.
While the volatility trends are very similar in many respects, they are not coincident and the
deviation is particularly significant from late August 2007, just after the through-train proposal
was announced, through mid-September 2007. I believe this may easily be accounted for by the
buying frenzy in Hong Kong after the announcement of the through-train proposal, which drove
up volatility in the H share market to a greater extent than in the A share market. After a period
of stability from October to December 2007, significant differences in the volatilities of the A
and the H share markets reappeared in January and February 2008, when both markets declined
significantly.
Chart 13 shows the difference between the theoretical hedge ratios for A and H share
investors in both nominal and ex-option terms from July to December 2007. If this figure is
zero, there is no relative incentive to sell in either the A or the H share market to hedge an equity
exposure to either market. If the differential is positive, there is an incentive to buy H shares and
sell A shares; and if the differential is negative there is an incentive to buy A shares and sell H
shares. I believe this is a useful chart because it shows both what traders are experiencing on a
fundamental basis - the ex-option differential - and on an actual basis - the nominal differential
- and the substantial gaps between the two in this period.
The ex-option hedge ratio differential chart provides a very clear rationale to support the
delay of the through-train initiative by Mainland PRC regulators in the autumn of 2007, though
perhaps for different reasons than may have been expected. In nominal terms the analysis of
hedge ratios indicates that the selling pressure would have been in the H share market had the
proposal been allowed to go forward, and although some portion of this pattern can be accounted
for by the fact that the figures are not adjusted to reflect differences in the availability of shares
in the two markets, this is still a result clearly at odds with the intention of the arbitrage
mechanism to reduce a perceived premium in the A share market. In ex-option terms, however,
the selling pressure shifts to the A share market and while this is broadly consistent with the
rationale of the through-train proposal it would nevertheless have been potentially disruptive to
the domestic markets in the Mainland PRC even if the option value was taken into account.
My analysis indicates that the A and the H share markets were significantly more aligned
in volatility terms between October and December 2007, however the volatility differences
reappeared in early 2008. Therefore this perspective on the data indicates that the through-train
proposal likely would have remained difficult to implement in the form originally considered
throughout this period even if the factors identified in this study had been taken into account.
7. Discussion and Analysis of Results
I believe there are three principal implications of this study.
7.1. Explaining Co-movement of Prices and Exchange Options
The evidence set out above quite clearly indicates the existence of persistent and
predictable patterns in the prices of dual-listed A shares relative to H shares. While the markets
in the Mainland PRC are behaving differently than those in Hong Kong, the differences are not
random "noise" or based on factors such as market sentiment that are difficult to quantify
empirically. Rather the market dynamics are closely related to specific factors that are capable
of being valued precisely. This is important because, while Mainland PRC stock markets
certainly still have much further to go in their development, the fact that they are behaving in a
manner closely consistent with the rational "pricing" of a very complex option over long periods
of time suggests that the Mainland PRC markets are comparable to the Hong Kong market in
terms of efficiency in this category of listed security once adjusted for the exchange option
dynamic.
While my initial hypothesis was that this price dynamic was influenced by, or the result
of, behavioral factors such as those described by the factors discussed by DeMarzo, Kaniel and
Kremer (2004) and (2007), the strength and clarity of the trends now leads me to conclude this
is unlikely. Though still consistent with the model proposed by DeMarzo, Kaniel and Kremer
(2007), under this interpretation the influence of Chinese institutional investors in Hong Kong -
and their ability to capture arbitrage profits by trading in both the Shanghai and Hong Kong
markets - is the decisive factor, not the influence of individual investors. The concentration of
QDII investment activity in a relatively small number of Mainland PRC financial institutions
would also make it more possible for functionally coordinated behavior to emerge in the cohort.
Nevertheless, a further study of the specific practices of financial institutions operating in the
QDII regime would be necessary to reach a definitive conclusion.
A possible alternative explanation is that the structure of the QDII regime itself is
influencing the price behavior. The technical rules for the program require foreign exchange
deposits to be used for overseas QDII investment, for example, and I was able to identify the
effects of this requirement in the price data. The evidence is also quite clear that the exchange
option dynamic first appeared in mid-May 2006, during the week of May 9' 2006. Prior to that
week the ex-option data has a stochastic appearance, while after that date the examination of A
share price data on an ex-option basis appears to substantially eliminate the noise in the data.
The week of May 9, 2006 happens to be the week immediately preceding the introduction
of new CSRC and SAFE regulations that allowed Chinese domestic institutional investors to
invest overseas in substantial amounts for the first time. The relevant regulations were released
on April 14, 2006 and formally took effect on Monday May 15, 2006. Therefore, under this
interpretation the ex-option A share price pattern did not appear spontaneously amongst Chinese
institutional investors in 2006 but rather appeared as the direct result of the actions taken by PRC
regulators to allow investment in Hong Kong officially for the first time. The regulatory actions
substantially aligned the A share and H share markets for the first time - which is one of the
policy goals of the program - but on an ex-option basis rather than a nominal basis.
There are also precedents for a degree of price protection to exist in the PRC equity
markets. For example, when the Bank of China IPO took place in the PRC shortly after the
Hong Kong IPO was completed in 2006, the price for Chinese investors was based on the Hong
Kong IPO price, adjusted for certain factors to account for the passage of time, rather than the
market price in the Hong Kong market at the time of the Mainland PRC IPO. Functionally, this
would have had an economic effect similar to the exchange option dynamic I identify in this
study - and described by Equation 1 above -- by guaranteeing PRC investors that they would not
lose out on the value of the "IPO discount" available to Hong Kong investors by virtue of the
brief time delay between the Hong Kong and Mainland PRC IPOs. The rationale for an action of
this kind is benign and arguably justified, to ensure equal treatment of Mainland PRC and Hong
Kong investors, and is subsumed in the now established practice to conduct A share and H share
IPOs concurrently. But the quest for fairness in that instance had a specific and measurable
economic impact.
The magnitude and precision of the exchange option dynamic identified in this study is
extraordinarily different than the Bank of China example, however. That was an isolated instance
in which a degree of protection was provided due to a particular regulatory interpretation. In
this case the effective protection would have to extend to a large swathe of the secondary equity
markets in the Mainland PRC for the better part of the last two years. Moreover, the protection
would need to be specific, credible and not just widely known but functionally guaranteed in
order to have an effect equivalent to the dynamic identified in this study. While it is possible
that somewhere in the QDII regulations or in the standards and practices that have grown up
around them there is another requirement that is having an unexpected effect on the markets,
much more research would be necessary before an interpretation of this kind would be credible.
7.2. Trading Strategies for Synthetic Arbitrage of the A and H Share Markets
If one accepts the hypothesis that A share prices closely correspond to H share prices plus
the value of an option to exchange A shares for H shares, it becomes possible to use this
relationship to define the A share price in terms of the H share price using a modified version of
the option formula introduced by Margrabe and algebraic calculations. In other words, it
becomes possible to trade a synthetic version of A shares in the H share market. Therefore, if the
results of my study are valid I should be able to use the relationship between A share and H
shares that I describe to identify and exploit arbitrage opportunities in the H share market. I
believe it is also fair to say that the hypothesis documented by this study is not commonly
understood or accepted in the marketplace, given the degree of concern and distress that
surrounds discussions of the premium in the A share market. Accordingly it should be relatively
easy to identify arbitrage opportunities using the proposed quantitative relationship.
Taking a simple example, the basic relationship between A shares and H shares that I
describe in this study is:
A = H + Option.
Restating this relationship leads to:
A - H = Option.
Accordingly, any time the observed A share price less the H share price does not equal the
calculated value of an equivalent exchange option, it should be possible to exploit this mispricing
through arbitrage. To do this effectively in the H share market alone requires one to first identify
a portfolio of H share assets that is functionally equivalent to A shares, the replicating portfolio.
7.2.1. Synthetic Option Replication In the A Share and H share Markets
As explained by Derman (1995), a long position in an exchange option to receive the
value of an A share for a strike price equal to the price of an H share has exposure to the value of
both A and H shares. Because the value of the option depends only on the value of A shares as
expressed in terms of H shares, and not on the dollar value of either A shares or H shares
separately, Derman suggests thinking of the process for hedging the exchange option as
involving two steps. First hedge the value of the option against changes in the value of AH(i.e.
the value of A shares expressed in terms of H shares). Then hedge this partially hedged position
against changes in the HKD value of an H share to achieve a fully hedged position.
Exposure to changes in AH (t) can be hedged by shorting A shares of A against the
option, with A being the familiar hedge ration defined by the Black-Scholes formula. The value
of this partially delta- hedged portfolio expressed in H shares is then
PH(t) = C H (t)- AAH(t) (8)
The Black-Scholes formula will guarantee that PH(t) is negative, so an investor that owns the
delta hedged portfolio is short AAH(t) - CHA (t) H shares.
This partially hedged portfolio PH (t) is long one H share denominated call on A shares
and short A shares of A. The value of this portfolio in HKD is PH(t)HHKD(t). There is no
exposure to the value of A shares denominated in H shares. As a HKD investor, you are exposed
to changes in the value of H shares in HKD. This remaining exposure can be eliminated by
buying the H shares needed to cancel the H share exposure of the delta-hedged portfolio in
Equation 7. To do so, an investor would buy AAH(t) - CAH (t) units of H shares, each worth
HHKD (t). Adding this position to the portfolio makes it hedged against instantaneous changes in
the value of either the underlying A shares or the underlying H shares.
7.2.2. Synthetic Option Replication in the H Share Market Only
It currently is not possible for foreign investors to take short positions in the A share
market. Therefore, for a foreign investor to achieve a result equivalent to that described by
Derman, the replicating portfolio must be established using H shares only. A simple way to do
so in this case would be to synthetically replicate A shares using a combination of puts and calls
with strike prices equal to the HKD equivalent of the A share price, while also replicating H
shares synthetically by using a combination of at the money puts and calls. When the observed
A and H share prices do not correspond to a single available option contract in Hong Kong a
portfolio of options resulting in an equivalent weighted average price would be used.
To create the replicating portfolio described by Derman, one would first calculate the
option value using Equation 6 above, to establish the reference benchmark and the critical factor
of the option delta. Next one would calculate the price of establishing the replicating portfolio
identified by Derman. If the price of the replicating portfolio exceeds the calculated value of the
exchange option after accounting for expenses of the trade, one would theoretically profit by
buying the exchange option - i.e. going long a synthetic A share by buying out of the money
calls and selling out of the money puts while shorting a synthetic H share by buying at the money
puts and selling at the money calls. Conversely, if the price of the replicating portfolio was less
than the calculated value of the exchange option, after accounting for expenses, one would
theoretically profit by buying the synthetic equivalent of the exchange option.
While Derman's methodology theoretically provides protection against instantaneous
changes in prices of the underlying stocks it does not extend to protect against larger movements.
When using options as the replicating asset, however, the position can be refined further. By
adjusting the weightings of the components in the option portfolio such that the sum of the
gammas of the components is equal to the gamma of the exchange option model, a trader would
gain protection against any move in the underlying A and H shares, not just instantaneous
moves. And by further adjusting the weightings of the options such that the sum of the vegas of
the option portfolio equals the vega of the exchange option model, a trader would also protect
himself from small moves in volatility.
I conducted a very simple test of this replication strategy in the Hong Kong market for
listed options on ICBC, one of the most heavily traded stocks in Hong Kong. Using observed
prices in March 2008 for ICBC options expiring in April 2008, I identified 14 trading
opportunities out of the 21 trading days in the month. I was required to post no capital of my
own, as each trade resulted in my collecting option premium at the time of the trade. Assuming I
traded one unit of the replicating portfolio on each trading day, I would have collected $41.49 in
premium over the month of March and held the position until the option expired on April 29,
2008. Final realized profits would have been HK$35,880 or US$4,611 over the 60 day duration
of the trade. See Table 5.
Clearly more work must be done to substantiate results such as this, but I believe this
example provides clear preliminary evidence that a trading strategy informed by the results of
this study has the potential for success in a real world trading environment, and not just in
theory.
7.3. HK and PRC Dual-Listed Options as the Basis for Market Integration
For policymakers interested in market efficiency, however, results such as this should be
somewhat troubling. They are a clear indication that substantial work still remains to be done
before the A share and the H share markets can be considered to be fully aligned. Moreover, in
light of the findings of this study, neither of the principal proposals put forward to date appears
to address the existing price dynamics in the A share market very well.
The principal policy tool for integrating the A and the H share markets discussed over
the past year or so is an arbitrage mechanism. The HKMA has been prominently associated with
proposals for a centralized mechanism, though the exact details of the scheme have not been
publicly described, and the PRC Government's through-train initiative is an arbitrage mechanism
which would centralize trading between the A and the H share markets in the Tianjin branch of
the Bank of China but disaggregate investment decision-making into the hands of individual
investors in the Mainland PRC.
7.3.1. Noise Traders and the Limits of Arbitrage
When thinking through the merits of these two proposals, one naturally returns to the
limits of arbitrage arguments of Shleifer and Vishny (1997). As discussed in more detail in
Section 3.1 above, based on their theories there is no reason to believe that simply opening the
two markets to further participation by individual investors will necessarily result in greater
alignment of prices in Hong Kong and the Mainland PRC, and past experience with dual-listed
companies in studies such as that of Froot and Dabora (1999) support this conclusion. Given the
existence of stochastic variation (noise traders) in the markets arbitrageurs are likely to be
systematically deterred from entering the market and this will have a tendency to allow markets
to diverge significantly from fundamental values. This deterrence effect will be directly related
to the level of "noise" in the market and may be further exacerbated by other details of the
through-train program that limit arbitrage activity, such as quantitative limits on the amounts of
share trading by Mainland PRC investors.
If an excessive level of noise trading is a significant problem contributing to the premium
in the A share market, then it is certainly possible to construct a reasonable argument favoring an
expanded role for government intervention in the arbitrage process to facilitate market
integration along the lines of the proposal associated with the HKMA. Assuming that market
integration is a policy priority, the participation of the government actor can arguably be justified
as a reasonable step to introduce a longer term perspective to the market than arbitrageurs and
others with a shorter term focus or lower levels of risk tolerance are willing to apply. There are
still many difficult issues associated with this approach, such as defining entry and exit points
and dealing with moral hazard issues, but the limits of arbitrage theories certainly support the
HKMA's centralized approach if one believes that noise trading is the problem in the A share
markets.
7.3.2. The Through Train Alternative
Once we understand that the price dynamics in the A share market are significantly
correlated with the value of an exchange option, however, this line of thinking should really
change fundamentally. While noise trading still exists to some extent, the presence of the
exchange option dynamic means that a very significant portion of the A share premium is not
stochastic at all, but instead is linked directly to identifiable and quantifiable markets dynamics.
If this true, then market intervention by a government body or any actor with deep pockets and a
long time horizon won't necessarily work to the extent expected. As long as the factors which
led to the establishment of the option dynamic in the first place continue to exist - whether they
be community effects in the Mainland PRC market as a whole, relatively coordinated actions by
Mainland PRC institutional investors or some other factor -- the positions established by such a
long term player may continue to diverge from fundamental values quite significantly.
The through-train proposal is conceptually better at addressing the challenges of the
market premium while bounding certain of the difficulties with a centralized arbitrage
mechanism -- particularly the issues of defining entry and exit points and limiting moral hazard
issues - by relying on the disaggregated decisions of individual investors. However, this
approach is also implicitly premised on a belief that the actions of Mainland PRC investors are
fundamentally stochastic and therefore likely to offset each other to a great extent, something we
now have evidence to indicate is not true. Moreover, where the centralized arbitrage approach
may be too limited to have a significant impact on the premium in the A share market, the
through-train proposal may result in disruptive effects of its own. Upon opening the Hong Kong
markets to Mainland PRC investors it is perfectly plausible that the current premium may
disappear entirely with the crossing of the first trade on the SSE reflecting a market price for A
shares excluding the arbitrage value calculated using an exchange option. Were that to occur, the
substantial destruction of market value and shareholder wealth in the Mainland PRC could
potentially have severe consequential effects.
7.3.3. Establishing a Platform for Trading and Clearing Exchange Options
What could possibly work to bring the markets into closer alignment in that situation,
however, is establishing a market for options listed in both the PRC and Hong Kong - perhaps
even exchange options specifically. Instead of buying and holding a position in one or the other
markets expecting convergence at a later date or acting as a conduit for equity sales between the
two markets, a government body or private enterprise that understood the market dynamic could
instead make a market in (cash settled) options to exchange H shares for A shares, the value of
which is closely aligned with the premium in the A share market. The concept of such a market
for exchange options was described by Margrabe (1978) in the context of corporate exchange
offers. In the case of the Chinese markets, the natural customers interested in buying such a
product would be H share investors seeking to gain exposure to the A share market and the
natural investors interested in selling such a product would be A share investors seeking to hedge
their exposure to the A share market. The availability of this product would encourage the
premium in the A share market not to be destroyed but to migrate into the new options market
while leaving holders of A and H shares increasingly free to value the shares on the basis of
fundamental equity values alone. If this market making activity was conducted by a government
body, buy and sell orders on the market would be matched to the extent possible and periodic
imbalances could then be absorbed by the central actor in its policy role.
Of course if one accepts the merits of this approach it should also be clear that the desired
intermediary function already exists in both the Hong Kong and the Chinese markets in the form
of the Hong Kong Securities Clearing Company and the China Securities Depository and
Clearing Corporation. Therefore, taking an initiative like this forward would not require the
establishment of entirely new systems of trading with uncertain risks and benefits, but rather the
introduction of a single new product that trades and clears in both the Hong Kong and the
Mainland PRC markets - a listed version of the A/H Index exchange option, for example, or
listed futures on its close proxy the AH Premium Index (HSAHP). Equivalent results could also
be expected by establishing a more traditional options market. While significant effort would be
required for officials in the two markets to establish common standards and practices for such a
product, the process of doing so would have the benefit of focusing attention on integrating the
Mainland PRC and Hong Kong markets for a single product rather than attempting to achieve
such integration smoothly and simultaneously across 52 dual-listed securities. Lessons learned
in the process potentially could also be applied in later market integration efforts. And existing
structures in both Hong Kong and the Mainland PRC would allow unexpected risks to be
addressed in a manner consistent with the introduction of any new financial product.
7.3.4. Other Alternatives
This is not the only approach that would work to lessen the magnitude of the A share
market premium. For example, in light of the fact that the exchange option dynamics seem to
have appeared upon the commencement of the QDII regime a detailed review of the mechanics
of the regime, informed by the findings of this study, may be a useful way to identify the root
causes. In addition, steps currently being taken to broaden the range of financial products
available to investors in the Mainland PRC are also useful measures which, when combined with
investor education, can absolutely be expected to contribute to a process of reducing levels of
risk aversion that likely exist among Mainland PRC investors and exacerbate the dynamics being
observed. Similarly, increased offerings of equity securities in the A share markets by issuers
who act opportunistically to capture a relatively inexpensive source of funding in the Mainland
PRC while it is available can also be expected to reduce the magnitude of the market premium
by forcing investors in the Mainland PRC to confront the reality of the premium very directly.
These approaches and others that contribute to reducing levels of risk aversion may all
play a part on reducing the magnitude of the A share premium over time. However, it is worth
noting that DeMarzo, Kaniel and Kremer (2007) also maintain that such measures may not be
sufficient to reduce community effects in a market to the extent they are offset by demographic
patterns in the cohort. While a study of the demographic patterns in the PRC is beyond the
scope of this paper, this cautionary note is just one indication that actually changing patterns of
behavior in a meaningful way within a given market may be quite difficult and time consuming.
8. Conclusions
This paper has identified the existence of a specific quantitative relationship between the
price of A shares and H shares in the Chinese stock markets which values the premium in A
shares over H shares as equal to the value of an option to exchange A shares for H shares using a
modified version of Margrabe's formula. The explanation for this result is simply that current
prices of dual-listed securities in Shanghai are reflecting both a fundamental value for the
security and the expected value of arbitrage profits available by trading in Hong Kong. The
behavior of Mainland investors first appeared in May 2006 following the introduction of the
precursor to the QDII regime and is consistent with patterns of behavior exhibited by
communities of investors with distinct geographic/demographic characteristics described by
DeMarzo, Kaniel and Kremer (2004) and (2007), in which competition for scarce local resources
and/or limitations on trade with other communities leads investors to care about relative wealth
in the community and therefore exhibit significantly correlated behavior not necessarily
consistent with general equilibrium theory.
I believe the principal implication of these conclusions is that the Mainland PRC
securities markets have a more understandable internal logic than may be commonly believed.
The fact that the markets in Shanghai have been effectively "pricing" a relatively complex option
over long periods of time suggests that they are reasonably efficient, at least in the category of
dual-listed A shares. A corollary to this is that the Hong Kong and the Shanghai markets are
quite closely aligned on a fundamental basis and therefore it may be possible to proceed with the
integration of the two markets, or at least the A share and the H share markets, in a responsible
manner on a fairly short timetable. The conclusions of this paper also open up the possibility of
synthetically replicating A shares using H shares and related financial products available in the
Hong Kong market.
The ideas developed in this paper can also potentially be extended to other contexts. So,
for example, an improved understanding of the dynamics of investor behavior in the Chinese
stock markets may provide the basis for our understanding how other markets with a presence
both inside and outside the Mainland PRC may trade. As the Mainland PRC authorities continue
their efforts to open the economy to new initiatives in fields such as commodities trading, futures
and options and other product categories an understanding of how behavioral dynamics may
affect these markets differently will be a critical factor ensuring these new markets are
introduced efficiently and remain attractive to investors both in the Mainland PRC and abroad. It
would also be possible to apply the exchange option hypothesis to similar markets previously
studied using other methodologies, such as the markets for "Siamese twin" share companies, to
determine whether the exchange option relationship holds true in those cases. If so, it would be
potentially support the findings in this study and provide further credence to the community
effects paradigm of DeMarzo, Kaniel and Kremer (2004) and (2007).
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TABLES
TABLE 1: Dual Listed Companies in Hong Kong and Shanghai
PRC
HK Trading Trading Included
H Share A Share Listing Listing HK Mkt Volume Volume Listed Listed In
Stock Code Stock Code Stock Name Date in HK Date in PRC Cap (millions) (millions) Options Futures Analysis
168
177
187
300
317
323
338
358
386
525
548
553
588
670
874
902
914
995
1033
1055
1065
1071
1072
1138
1171
1398
3988
42
347
350
390
719
753
763
857
921
939
991
998
1053
1088
1108
1898
1919
2318
2338
2600
2628
2866
2883
3328
3968
600600 Tsingtao Brewery Co. Ltd.
600377 Jiangsu Expressway Co. Ltd.
600860 Beiren Printing Machinery Holdings Ltd.
600806 Shenji Group Kunming Machine Tool Co. Ltd.
600685 Guangzhou Shipyard International Co. Ltd.
600808 Maanshan Iron & Steel Co. Ltd.
600688 Sinopec Shanghai Petrochemical Co. Ltd.
600362 Jiangxi Copper Co. Ltd.
600028 China Petroleum and Chemical Corporation
601333 Guangshen Railway Co. Ltd.
600548 Shenzhen Expressway Co. Ltd.
600775 Nanjing Panda Electronic Co. Ltd.
601588 Beijing North Star Co. Ltd.
600115 China Eastern Airlines Corporation Ltd.
600332 Guangzhou Pharmaceutical Co. Ltd.
600011 Huaneng Power International Inc.
600585 Anhui Conch Cement Co. Ltd.
600012 Anhui Expressway Co. Ltd.
600871 Sinopec Yizheng Chemical Fibre Co. Ltd.
600029 China Southern Airlines Co. Ltd.
600874 Tianjin Capital Environmental Protection Co. Ltd.
600027 Huadian Power International Co. Ltd.
600875 Dongfang Electric Corporation Ltd.
600026 China Shipping Development Co. Ltd.
600188 Yanzhou Coal Mining Co. Ltd.
601398 Industrial and Commercial Bank of China Co. Ltd.
601988 Bank of China Ltd.
585 Northeast Electric Development Co. Ltd.
898 Angang Steel Co. Ltd.
666 Jingwei Textile Machinery Co. Ltd.
601390 China Railway Group Ltd.
756 Shandong Xinhua Pharmaceutical Co. Ltd.
601111 Air China Limited
63 ZTE Corporation
601857 PetroChina Co. Ltd.
921 Hisense Kelon Electrical Holdings Co. Ltd. -SUSPENDED
601939 China Construction Bank Corporation
601991 Datang International Power Generation Co. Ltd.
601998 China CITIC Bank Corporation
601005 Chongqing Iron & Steel Co. Ltd.
601088 China Shenhua Energy Co. Ltd
600876 Luoyang Glass Co. Ltd. - SUSPENDED
601898 China Coal Energy Co. Ltd.
601919 China COSCO Holding Co. Ltd.
601318 Ping An Insurance (Group) Co. of China Ltd.
338 Weichai Power Co. Ltd.
601600 Aluminum Corporation of China Limited
601628 China Life
601866 China Shipping Container Lines Co. Ltd.
601808 China Oilfield Service Ltd.
601328 Bank of Communications Co. Ltd.
600036 China Merchants Bank Co. Ltd.
1993
1997
1993
1993
1993
1993
1993
1997
2000
1996
1997
1996
1997
1997
1997
1998
1997
1997
1994
1997
1994
1999
1994
1994
2002
2006
2006
1995
1997
1996
2007
1996
2004
2004
2000
2005
1997
2007
1997
2005
2006
2005
2004
2004
2001
2003
2004
2003
2005
2006
1993 18.18 2.07 2.80
2001 9.58 6.59 5.34
1994 0.26 0.43 3.70
1994 1.05 0.82 3.86
1993 4.75 1.39 1.91
1994 7.99 36.52 45.27
1993 8.67 20.85 13.59
2001 22.98 25.31 10.09
2002 155.05 204.20 80.19
2006 7.54 9.34 47.59
2001 5.92 2.83 5.59
1996 0.55 1.25 3.34
2006 2.89 4.17 38.89
1997 9.17 14.17 22.61
2001 1.32 0.95 5.70
2001 20.41 22.70 11.18
2002 25.34 3.76 1.92
2002 3.33 2.11 7.60
1995 3.26 12.55 4.11
2003 9.11 8.80 23.45
1995 1.14 2.54 7.32
2005 3.78 22.10 15.51
[1997] 8.89 0.77 0.91
2002 31.43 12.17 8.83
2003 28.08 24.04 9.53
2006 436.88 451.64 167.22
2006 238.70 452.50 99.80
1995 0.31 1.25 10.59
1997 19.07 18.43 24.10
1996 0.53 0.79 4.78
2007 40.81 275.85 42.62
1997 331.50 0.42 5.26
2006 34.94 34.65 35.28
1997 7.72 1.90 5.39
2007 251.08 272.70 71.05
2007 1325.67 400.41 156.18
2006 18.25 36.50 16.91
2007 54.07 44.53 26.13
2007 1.64 2.56 8.24
2007 142.57 31.41 26.47
2008 75.89 41.83 62.00
2007 61.81 41.21 34.28
2007 150.70 19.37 15.02
[2007] 5.53 1.17 2.25
2007 55.45 46.06 30.05
2007 228.82 116.24 9.33
2007 13.92 76.66 26.77
2007 24.56 10.15 13.20
2007 219.34 99.33 39.58
2008 76.40 30.32 35.13
Y
Y
Y
Y
Y
Y
Y
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Y Y Y
Y
Y
Y
Y
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Y
Y
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Table 2: A Share Returns
HK Stock Hang
Code Summary Name Seng SCI HKD/CNY N R2
AHXA
168
177
187
300
317
323
338
358
386
525
548
553
588
670
874
902
914
995
1033
1055
1065
1071
1072
1138
1171
1398
3988
A Share Index 0.08647 0.97743 0.16094 510 0.82582
Tsingtao Brewery 0.06186 0.93758 0.19471 510 0.31535
Jiangsu Expwy -0.19605 0.92339 -0.23982 510 0.43421
Beiren Printing -0.01595 1.11389 2.90621 510 0.25891
Kunming Machine 0.05117 0.93162 -0.34311 510 0.17825
GZ Shipyard 0.04775 1.07347 -0.48606 510 0.26628
Maanshan Iron -0.12591 1.21103 -1.55015 510 0.33357
SSPC 0.01168 0.63111 0.95628 510 0.18353
Jiangxi Copper 0.14652 1.15750 -1.23317 510 0.29711
Sinopec 0.12918 1.06875 -0.17521 510 0.42473
Gunagshen Rail -0.10667 1.02984 -0.02445 254 0.55377
SZ Expressway -0.02818 0.98903 0.82840 510 0.30392
NJ Panda Electronics -0.15159 1.11919 0.08312 510 0.26922
BJ Northstar -0.39779 1.22018 -0.04757 254 0.41178
China Eastern 0.03323 0.59810 0.72690 510 0.12583
GZ Pharma -0.07196 0.92199 2.77949 510 0.29702
Huaneng Power -0.20392 1.03869 1.20687 510 0.38925
Anhui Conch 0.28639 0.86515 -2.38202 510 0.26714
Anhui Expressway -0.29049 0.92932 -1.16819 510 0.35458
Yizheng Chem Fibre -0.03859 0.64855 -1.40005 510 0.14850
China Southern -0.08856 0.76382 2.15297 510 0.17260
TJ Capital EP -0.23073 1.21902 1.43680 510 0.36467
Huadian Power -0.29469 1.19098 -0.02566 510 0.32395
Dongfang Electric -0.03457 0.83634 2.28329 510 0.23112
China Shipping DV 0.01166 1.17633 1.49945 510 0.50921
Yanzhou Coal -0.02011 1.16770 -0.01035 510 0.41355
ICBC 0.06844 0.88505 1.00242 256 0.57357
BOC 0.24901 0.86096 1.27983 256 0.62459
Table 3: H Share Returns
HK Stock Hang
Code Summary Name Seng SCI HKD/CNY N R2
AHXH
168
177
187
300
317
323
338
358
386
525
548
553
588
670
874
902
914
995
1033
1055
1065
1071
1072
1138
1171
1398
3988
HShare Index 1.15173 0.09315 0.24819 510 0.70449
Tsingtao Brewery 0.95600 0.07520 -0.89459 510 0.20224
Jiangsu Expwy 1.07397 -0.06030 -0.15145 510 0.29467
Beiren Printing 0.95470 0.23249 4.20812 510 0.12853
Kunming Machine 0.83724 0.27108 1.70912 510 0.09342
GZ Shipyard 1.06644 0.27234 2.81210 510 0.15614
Maanshan Iron 1.24980 0.11161 1.18068 510 0.34680
SSPC 1.19124 0.21759 2.51179 510 0.31443
Jiangxi Copper 1.56554 0.16117 0.69759 510 0.34675
Sinopec 1.40183 0.18911 0.87029 510 0.55112
Gunagshen Rail 0.99512 0.04553 3.25085 254 0.44068
SZ Expressway 0.94705 0.05572 0.31972 510 0.24409
NJ Panda Electronics 1.09548 0.36805 6.58850 510 0.17571
BJ Northstar 0.79383 0.29663 2.10223 254 0.23324
China Eastern 0.72920 0.25664 4.37962 510 0.08681
GZ Pharma 0.75801 0.12417 1.57693 510 0.12417
Huaneng Power 0.93007 0.07796 0.47827 510 0.33775
Anhui Conch 1.45340 0.06811 -1.40482 510 0.30482
Anhui Expressway 0.60022 -0.01452 0.88470 510 0.11532
Yizheng Chem Fibre 0.96429 0.37903 5.15675 510 0.17305
China Southern 0.78064 0.26998 3.82264 510 0.40839
TJ Capital EP 1.08127 0.06375 2.53201 510 0.18091
Huadian Power 0.85470 0.18675 -0.57929 510 0.19142
Dongfang Electric 0.93620 0.07916 -2.49370 510 0.12165
China Shipping DV 1.39868 0.11803 -0.41200 510 0.37517
Yanzhou Coal 1.50220 0.03323 1.29368 510 0.43060
ICBC 1.01248 0.02001 -0.83928 256 0.61722
BOC 1.01409 -0.00513 0.46774 256 0.58961
Table 4: AH Differential Returns
HK
Stock Hang
Code Summary Name Seng SCI HKD/CNY N R2
HSAHP
168
177
187
300
317
323
338
358
386
525
548
553
588
670
874
902
914
995
1033
1055
1065
1071
1072
1138
1171
1398
3988
AH Premium Index (USD) -1.06768 0.89591 -0.07224 510 0.63793
Calculated AH Diff (Local FX) -1.06526 0.88428 -0.08724 510 0.69632
Tsingtao Brewery -0.90374 0.86238 1.08930 510 0.23159
Jiangsu Expwy -1.20345 0.98369 0.08837 510 0.37732
Beiren Printing -1.11421 0.88140 -1.30191 510 0.14817
Kunming Machine -0.78607 0.66053 2.05223 510 0.06790
GZ Shipyard -1.01869 0.80112 2.39813 510 0.14224
Maanshan Iron -1.37572 1.09941 -2.73083 510 0.29870
SSPC -1.17956 0.41351 -1.55551 510 0.19753
Jiangxi Copper -1.41902 0.99632 -1.93076 510 0.29363
Sinopec -1.27265 0.87964 -1.04550 510 0.40284
Gunagshen Rail -2.39607 3.35941 -4.37883 254 0.47602
SZ Expressway -0.97524 0.93331 0.50868 510 0.23122
NJ Panda Electronics -1.21108 0.75114 -6.50538 510 0.13048
BJ Northstar -1.29432 2.02515 0.42208 254 0.38842
China Eastern -0.69597 0.34146 -3.65272 510 0.05330
GZ Pharma -0.83718 0.81760 1.20256 510 0.16971
Huaneng Power -1.13399 0.96073 0.72860 510 0.33418
Anhui Conch -1.16701 0.79703 -0.97719 510 0.22960
Anhui Expressway -0.89071 0.94384 -2.05289 510 0.24986
Yizheng Chem Fibre -1.00100 0.27761 -6.55680 510 0.12247
China Southern -0.86920 0.49384 -1.66966 510 0.10865
TJ Capital EP -1.31201 1.15527 -1.09520 510 0.27297
Huadian Power -1.14939 1.00423 0.55363 510 0.21438
Dongfang Electric -0.97078 0.75718 4.77699 510 0.15531
China Shipping DV -1.38702 1.05830 1.91145 510 0.35717
Yanzhou Coal -1.52239 1.13453 -1.30403 510 0.35377
ICBC -0.76347 0.84095 2.11676 256 0.52318
BOC -0.94565 0.89018 1.47016 256 0.50131
Premium
Collected
Wtd Wtd (Paid)
Call C6.5 Avg Avg Ain Cost Costof ReplicatingA
Put7 weight 6,5 weight Call6 C6weight 6.5 weight Put Call HKD of Put Call Share Y/N P7 P6.5 C6 C6.5
1.70 3.00 1.24 (1.00) 0.16
1.80 1.00 1.34 0.00 0.12
1.80 2.08 1.38 (0.08) 0.12
1.78 2.20 1.34 (0.20) 0.13
1.98 1.00 1.46 0.00 0.08
2.04 1.20 1.44 0.80 0.08
1.96 1.24 1.44 0.76 0.08
1.90 0.72 1.40 1.28 0.14
1.76 (0.32) 1.36 2.32 0.12
2.04 (0.24) 1.54 0.99 0.08
2.08 (0.60) 1.58 2.60 0.04
2.36 (1.88) 1.86 3.88 0.06
2.30 (1.00) 1.82 3.00 0.08
1.96 (0.96) 1.80 2.96 0.08
1.82 (0.56) 1.36 2.56 0.08
1.64 (0.56) 1.18 2.56 0.12
1.60 (0.96) 1.12 2.96 0.13
1.42 1.00 0.98 1.00 0.13
1.58 (0,08) 1.32 2.08 0.10
(3.00) 0.08
(2.00) 0.06
(2.08) 0.06
(2.20) 0.06
(2.00) 0.04
(1.20) 0.05
(1.20) 0.05
(0.72) 0.05
0.32 0.06
0,64 0.03
0.60 0.03
1.88 0.03
1.00 0.04
1.00 0.04
0.56 0.06
0.56 0.07
1.00 0.05
(1.00) 0.05
0.08 0.03
5.00 7.25 7.25 7.25 3.86 (0.08)
4.00 7.00 7.00 7.00 1.80 (0.00)
4.08 7.02 7.02 7.02 3.63 (0.00)
4.20 7.05 7.05 7.05 3.65 (0.03)
4.00 7.00 7.00 7.00 1.98 (0.00)
3.20 6.80 6.80 6.80 3.60 0.06
3.20 6.81 6.80 6.81 3.52 0.06
2.72 6.68 6.68 6.68 3.16 0.04
1.68 6.42 6.42 6.42 2.59 0.14
1.36 6.34 6.34 6.34 1.04 0.09
1.40 6.35 6.35 6.35 2.86 0.07
0.12 6.03 6.03 6.03 2.78 0.12
1.00 6.25 6.25 6.25 3.16 0.12
1.00 6.26 6.25 6.26 3.45 0.12
1.44 6.36 6.36 6.36 2.46 0.13
1.44 6.36 6.36 6.36 2.10 0.17
1.00 6.26 6.25 6.26 1.78 0.18
3.00 6.75 6.75 6.75 2.40 0.02
1.92 6.48 6.48 6.48 2.62 0.07
3.00 (1.00) (3.00) 5.00
0.00 0.00 0.00 0.00
2.08 (0.08) (2.08) 4.08
2.20 (0.20) (2.20) 4.20
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.72 1.28 (0.72) 2.72
(0.32) 2.32 0.32 1.68
0.00 0.00 0.00 0.00
(0.60) 2.60 0.60 1.40
(1.88) 3.88 1.88 0.12
(1.00) 3.00 1.00 1.00
(0.96) 2.96 1.00 1.00
(0.56) 2.56 0.56 1.44
(0.56) 2.56 0.56 1.44
(0,96) 2.96 1.00 1.00
1.00 1.00 (1.,00) 3.00
(0.08) 2.08 0.08 1.92
2.08 25.92 (2,00) 30.00
Table 5
Date
P7 Put P6.5 Trade
3/3/200oo
3/4/2008
3/5/2002
3/6/2002
3/7/2008
3/10/2008
3/11/2008
3/12/2008
3/13/2008
3/14/2008
3/17/2008
3/18/2008
3/19/2008
3/20/2008
3/25/2008
3/26/2008
3/27/2008
3/28/2008
3/31/2008
Premium
Collected
Wtd Wtd (Paid)
P7 Put P6.5 Call C6.5 Avg Avg H in Cost Costof ReplicatingH
Put7 weight 6.5 weight Call6 C6weight 6.5 weight Put Call HKD of Put Call Share
(2.72) 5.32 5.32 5.32 0.31 0.54
(3.20) 5.20 5.20 5.20 0.29 0.43
(3.20) 5.20 5.20 5.20 0.58 0.43
(3.20) 5.23 5.20 5.23 0.44 0.48
(3.60) 5.10 5.10 5.10 0.01 0.30
(3.60) 5.10 5.10 5.08 (0.48) 0.27
(3.60) 5.10 5.10 5.14 (0.03) 0.27
(2.96) 5.26 5.26 5.26 0.32 0.55
(4.12) 4.97 4.97 4.97 0.27 0.49
(4.32) 4.92 4.92 4.92 (0.08) 0.38
(5.40) 4.65 4.65 4.65 (0.54) 0.13
(4.88) 4.78 4.78 4.78 0.28 0.27
(4.28) 4.93 4.93 4.93 0.63 0.33
(4.84) 4.79 4.79 4.79 2.51 0.35
(3.20) 5.20 5.20 5.20 0.33 0.22
(2.41) 5.35 5.35 5.35 0.24 0.34
(2.32) 5.42 5.42 5.42 0.17 0.45
(1.72) 5.57 5.57 5.57 0.32 0.40
(2.32) 5.42 5.42 5.42 1.52 0.36
(0.23)
0.00
0.14
(0.04)
0.00
0.00
0.00
(0.23)
(0.22)
0.00
(0.67)
0.01
0.29
2.15
0.10
(0.10)
(0.28)
(0.07)
1.15
Total: 41.49
(4.72) 6.72 4.72
0.00 0.00 0.00
(5.20) 7.20 5.20
(5.08) 7.08 5.20
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
(4.96) 6.96 4.96
(6.12) 8.12 6.12
0.00 0.00 0.00
(7.40) 9.40 7.40
(6.88) 8.88 6.88
(6.28) 8.28 6.28
(6.84) 8.84 6.84
(5.20) 7.20 5.20
(4.60) 6.60 4.27
(4.32) 6.32 4.32
(3.72) 5.72 3.72
(4.32) 6.32 4.32
(75.64) 103.64 75.43
(73.56) 129.56 73.43
Profit: 35.88 (H = 6.18) -60.32 41.46 13.22 0.00
Table 5 (Continued)
Date
Trade
Y/N
3/3/2008
3/4/2008
3/5/2008
3/6/2008
3/7/2008
3/10/2008
3/11/2008
3/12/2008
3/13/2008
3/14/2008
3/17/2008
3/18/2008
3/19/2008
3/20/2008
3/25/2008
3/26/2008
3/27/2008
3/28/2008
3/31/2008
1.70 (4.72) 1.24
1.80 (5.20) 1.34
1.80 (5.20) 1.38
1.78 (5.08) 1.34
1.98 (5.60) 1.46
2.04 (5.60) 1.44
1.96 (5.60) 1.44
1.90 (4.96) 1.40
1.76 (6.12) 1.36
2.04 (6.32) 1.54
2.08 (7.40) 1.58
2.36 (6.88) 1.86
2.30 (6.28) 1.82
1.96 (6.84) 1.80
1.82 (5.20) 1.36
1.64 (4.60) 1.18
1.60 (4.32) 1.12
1.42 (3.72) 0.98
1.58 (4.32) 1.32
6.72 0.16
7.20 0.12
7.20 0.12
7.08 0.13
7.60 0.08
7.60 0.08
7.60 0.08
6.96 0.14
8.12 0.12
8.32 0.08
9.40 0.04
8.88 0.06
8.28 0.08
8.84 0.08
7.20 0.08
6.60 0.12
6.32 0.13
5.72 0.13
6.32 0.10
4.72 0.08
5.20 0.06
5.20 0.06
5.20 0.06
5.60 0.04
5.60 0.05
5.60 0.05
4.96 0.05
6.12 0.06
6.32 0.03
7.40 0.03
6.88 0.03
6.28 0.04
6.84 0.04
5.20 0.06
4.27 0.07
4.32 0.05
3.72 0.05
4.32 0.03
(2.72)
0.00
(3.20)
(3.20)
0.00
0.00
0.00
(2.96)
(4.12)
0.00
(5.40)
(4.88)
(4.28)
(4.84)
(3.20)
(2.41)
(2.32)
(1.72)
(2.32)
(47.57)
(17.57)
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Chart 9 Nominal and Ex-Option Premia - FX Adjusted
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